INTRODUCTION
The real average thoroughbred broodmare selling price doubled during the period 1990-2000, however, since peaking in 2000, the real selling price has nearly returned to its 1990 value (Keeneland Association; Neibergs 2001) . Yearly fluctuations indicate that price cycles were recorded within the economy (i.e. during the 1990-1991 and 2001 recessions, real average broodmare selling prices fell about 7 % and 28 %, respectively; whereas during the Great Recession of 2007-2009, prices dropped54 %. Price variability within a given year also shows that prices vary substantially from one broodmare to another. For example, during 2001-2014 November Keeneland Breeding Stock Sales, the minimum price registered yearly was $ 1,000, whereas the highest price generally reached around $ 4 million. The purpose of this research is to quantify the non-barren broodmare sale price relationship due to a wide range of measurable characteristics of the 2013 Keeneland Breeding Stock Sales.
Few studies exist on the price determinants of broodmares (Neibergs 2001; Maynard and Stoeppel 2007) , and the data encompassed relates to prices from years prior to the Great Recession, when an unprecedented growth was recorded, almost reaching peak values, while the yearly price variability was disregarded entirely. Although breeders may hold their higher quality stock until better market conditions, the broodmare market environment has changed since the Great Recession (i.e. prices have plummeted to the 1990s value and reveal a higher yearly volatility).
The present article contributes to the existing literature by examining broodmares in foal and broodmare prospects. In the sample used, nroodmares in foal are defined as those currently pregnant, whereas broodmare prospects relate to those who have not been exposed to a stallion. Additionally, barren broodmares are those who have been exposed but did not get pregnant and, thus, have not been included. Neibergs (2001) includes all broodmares sold in 1996 (e.g., in foal, barren, and prospects), whereas Maynard and Stoeppel (2007) focus on only broodmares in foal sold in 2005. The latter argue that Neibergs' (2001) assumption that the marginal impacts of the price determinants are the same for barren and in foal broodmares is invalid, particularly for the stud fee variable, where a $ 0 stud fee was assigned to barren broodmares. Consistent with Maynard and Stoeppel (2007) , we assume the price of a broodmare is a function of attributes signaling the future racing performance of her foals. Therefore, barren broodmares were not considered given they are not presently producing foals, but they retain the future potential. The average prices of broodmares that are barren, in foal, and prospects are $ 33,833, $93,117, and $ 192,280, respectively, indicating that, unlike broodmare prospects, barren broodmare prices are sharply discounted. This is most likely because of the increased production costs of maintaining an open mare and/or due to the risk of reproductive deficiency.
Finally, in order to control for the quality of the sire bred to the broodmare the covering sire's career earnings were included. Because broodmare prospects have not been exposed to a stallion, the present contribution is the usage of four approaches to predict the covering sire's earnings for the stallion the broodmare prospect is likely to be exposed to. This approach is different from that of Neibergs (2001) , who assigned a zero value to the sire's earnings for broodmare prospects. Overall, the results suggest that pedigree and the success of a broodmare's progeny are more important than the racing performance in determining the price.
LITERATURE REVIEW
The American Horse Council Foundation estimated that $ 26.1 billion was contributed to the national GDP by the horse racing industry, and, within the state of Kentucky, the horse industry produced goods and services valued at $ 2.3 billion. Given such a considerable contribution, breeders, buyers, sellers, and others are interested in understanding the thoroughbred market. Previous studies have considered mostly yearlings and sires, since these account for a larger share of racing horses (Robbins and Kennedy (2001) Plant and Stowe (2013) account for the impact of disclosures (i.e. eye, scope, and vet) on market prices, and find that such information decreases prices of low quality yearlings, but has no effect on prices of high quality yearlings.
Stowe and Ajello (2010) find that earnings, career wins, grade of races won, dam races, and stud fee of sire's sire positively affect freshman sire stud fees. For leading thoroughbred sires, their stud fees are influenced by yearling price and progeny performance (Stowe, (2013) . Hansen and Saghaian (2015) studied the shift in stud fee from the time a sire enters the breeding shed to when it becomes established. Their results show that early in a sire's breeding career, it is its own racetrack record that determines its stud fee, but in later years, the leading factor is the progeny performance.
EMPIRICAL METHODS
Building on the work of Neibergs (2001), Maynard and Stoeppel (2007) , and (mention all the main sources!), we construct an empirical hedonic pricing model where a non-barren broodmare price is a function of her breeding characteristics, racing characteristics, genetics, and market factors. Specifically, we estimate equations of the following form:
The dependent variable is the natural logarithm of the price the broodmare sold at auction. The breeding characteristics (x b ) capture the broodmare's expected ability to produce successful progeny, and include whether the broodmare is a prospect, the broodmare's age, the covering sire's total career earnings, and whether the broodmare has produced any black type 4 offspring and any graded stakes offspring. It should be noted that Neibergs (2001) and Maynard and Stoeppel (2007) included the sire's stud fee to control for the quality of the sire bred to the broodmare. Although the stud fee captures the market's valuation of the stallion's genetics, the sire's career earnings captures actual performance and may be a better signal of the future racing performance of the foals. The racing characteristics (x r ) represent the broodmare's own ability as a racehorse, and include its previous earnings, as well as the number of races won, placed, and showed. Genetics (x g ) or the ability of the broodmare's parents to produce successful racehorses, is captured using a binary variable (= 1 if the broodmare's sire or dam is a black type producer). Market factors (x m ) include whether the broodmare was born in the U.S., whether the price was the reserve not attained value, and binary variables indicating the day on which the broodmare was auctioned during the 10-day sale. Table 1 provides variable definitions and the expected signs, and Table 2 presents means and standard deviations for all broodmares in the sample. Overall, the average price of broodmares in the sample is $ 96,529, but prices range from $ 1,000 to $ 4 million. On average, the broodmares are slightly older than 9 years and have $ 87,600 in career earnings. More than 6 % and 12 % of the broodmares are graded stakes and black type producers, respectively, and 97.3 % of the broodmares had a sire or dam which was a black type producer. The average earnings of the covering sire is nearly $ 1.6 million. Approximately 3.4% of the sample are broodmare prospects, and the mean price of prospects is $192,280, which is nearly $100,000 more than the mean price of pregnant broodmares. Moreover, on average, prospects are younger than pregnant broodmares (6.6 years compared to 9.2 years), have higher career earnings ($234,570 compared to 82,360), and have won, placed, and showed in more races than pregnant broodmares. This is important because although broodmare prospects are not in foal, their average characteristics also differ from barren broodmares sold in 2013. For example, the average barren broodmare was 10.3 years old and sold for $ 33,833. Unlike Maynard and Stoeppel (2007) who only examined broodmares in foal, broodmare prospects were retained in the sample because their price is not discounted due to factors associated with being barren (e.g., loss in earnings for not being in foal, risk due to lack of reproductive soundness, etc. (Neibergs (1997) ). Thus, based on the selling price, it appears there is an expectation among buyers that broodmare prospects will produce successful foal in the future and/or continue to race successfully.
Also, we use four approaches to predict the expected covering sire's earnings for broodmare prospects in our sample. This is different from Neibergs (2001) who assigned a zero stud fee value to barren broodmares, and likely broodmare prospects, arguing that it reflects the expected value of the foal for a barren mare. Approach 1 ly uses the average covering sire's earnings for all pregnant broodmares ($ 1.65 million) as the covering sire's earnings for the prospects. For Approach 2, we construct pregnant broodmare price quartiles, and use the average covering sire's earnings in the relevant price quartile for the broodmare prospects' covering sire earnings.
For Approaches 3 and 4, we use the observed positive relationship between covering sire's earnings and pregnant broodmare prices and construct a sire earnings-to-broodmare price ratio, which shows how much larger the covering sire's earnings are compared to the selling price of the pregnant broodmare. We estimate how this ratio is related to information on the broodmares, and then use the results to predict the ratio for broodmare prospects. Finally, given the predicted ratio, we can predict the covering sire's earnings for the stallion the broodmare prospect is likely to be exposed to. 5 Using OLS and Tobit, Approaches 3 and 4 involve estimating equations of the following form:
(2) where:  ratio is the sire earnings-to-broodmare price ratio, 5 It should be noted that we may have introduced endogeneity into the model with Approaches 3 and 4. However, as shown in the results section, our findings are robust across all specifications suggesting that any bias is minimal.
 age is the broodmare's age, and  x r , x g , and x m are the racing characteristics, genetics, and market factors .
The subscript denotes pregnant broodmare i. Although 97.7 % of the sire earnings-to-broodmare price ratios for the pregnant broodmares are greater than one, using the OLS estimates, we obtain negative predicted ratios for 11 of the broodmare prospects in the sample. Tobit estimation used restricts the predicted ratios for the broodmare prospects to be positive. Overall, the average covering sire earnings for all non-barren broodmares ranges from $ 1.65 million to $ 1.95 million, compared to $ 1.59 million for pregnant broodmares.
Data
Data on the broodmare was collected from the Keeneland website. The Keeneland Thoroughbred auctions are held in Lexington, Kentucky, where the Keeneland Association is located. Keeneland began in 1936 and has become the source of America's best thoroughbreds through its auctions and important races, including the first leg of the Triple Crown, the Kentucky Derby. Keeneland has sold more champions and stakes winners than any other selling company. The auctions attract buyers from nearly all U.S. state and 50 countries to Keeneland's four annual sales (Keeneland Association). The November Breeding Stock sale is where broodmares are bought and sold, and in November 2013, 1,474 broodmares were sold.
The data used includes the broodmare's sale price, age, career race earnings, number of races won, placed, and showed, place of birth, whether pregnant or a prospect, whether a black type and graded stakes producer, if either parents were black type producers, the day of sale and who the covering sire is. Data covering sire earnings was derived from the Blood-Horse Stallion Register, which covers information on more than 2,700 Thoroughbred stallions. Table 3 presents the parameter estimates for several specifications and the estimated price flexibilities and marginal values for Approach 3 estimation.
RESULTS
Specifically, column A shows the parameter estimates when the sample is restricted to only pregnant broodmares. This is analogous to Maynard and Stoeppel's (2007) approach. Column B presents the parameter estimates when we restrict the covering sire's earnings to be zero for broodmare prospects, which is an analogous approach to Neibergs (2001) . Column C presents the parameter estimates using our Approach 3 outlined above, and the estimates in columns D, E, and F are based on the parameter estimates in Column C. 7 Overall, the magnitudes and statistical significance of the parameter estimates are similar across the specifications, and the direction of the signs on all the estimated coefficients are as expected. The similar results despite differences in estimation of the covering sire variables may be because stud fee and sire earnings are highly intertwined (Stowe and Ajello (2010), Hansen and Saghaian (2015)).
Breeding Characteristics
Of the breeding characteristics, the earnings of the covering sire and whether the broodmare is a black type and graded stakes producer are positively related to her sale price. That is, if the covering sire's earnings increase by $ 10,000, her sale price increases by 0.05 %. More importantly, compared to a non-black type and non-graded stakes producing broodmare, a black type and a graded stakes broodmare producer has a sale price that is 22 % and 47 % higher, respectively. Based on the estimated marginal values, this is an increase of approximately $8,400 and $18,600, respectively. Conversely, with each additional year the broodmare's selling price decreases by 7.7 %. It is important to consider the horse's age and its progeny performance together as Hansen and Saghaian (2015) found progeny performance became more important as the sire aged. Breeders and buyers will expect older broodmares to have successful progeny to insure their investment is worthwhile.
Given the additional features, the price of a broodmare prospect is discounted by 27 % or about $10,500 from that of a broodmare in-foal. Overall, the results are consistent with Neibergs (2001) and Maynard and Stoeppel (2007) despite the differences in estimation and time periods examined. Comparing price flexibilities, a 1 % increase in age decreases the broodmare's selling price by 0.86 % according to Neibergs (2001) , by 1.14 % according to Maynard and Stoeppel (2007) , and by 0.70 % according to our estimation.
Racing Characteristics
The only racing characteristic that is statistically significant is the mare's career earnings, which. suggests that if they increase by $ 10,000 its selling price increases by 1.5%. This is consistent with Neibergs (2001) and Maynard and Stoeppel (2007) who estimated price flexibilities of 0.10 and 0.14, respectively, compared to our price flexibility of 0.13.
Comparing the 1.5 % per $ 10,000 increase in price due to the broodmare's career earnings to the 7.7 % reduction due to age indicates that, for sellers, it would be worth it to breed and/or sell the broodmare early on if it is less talented, instead of holding onto it and hoping it will perform well in the following races. A yearly win of close to $ 50,000 is needed to offset the age reduction. Overall, results suggest that untalented broodmares should be bred often from a young age in an attempt to produce a black type and/or graded stakes foal, which is estimated to increase its value by 22 and 47 %, respectively.
Genetic Characteristics
Although we find that the success of a broodmare's progeny is an important factor influencing her price, her pedigree is even more important. That is, compared to a broodmare with no black type producing parents, a broodmare with at least one black type producing parent has a sale price that is 108 % higher, or about $ 21,000. Altogether, results are consistent with Neibergs (2001) and Maynard and Stoeppel (2007) , suggesting that pedigree and the success of a broodmare's progeny are more important than the performance in determining its price.
When attending an auction, buyers and sellers alike focus on pedigree and progeny. It is very important to trace black type and/or graded stakes progeny through the pedigree in order to attempt to predict success in future foals, rather than sire earnings or stud fees. Broodmares with a line of repeatedly producing black type and/or graded stakes foals, whether or not they are winners themselves, will be more genetically likely to produce proven racers. Therefore, the broodmares that produce the most black type and/or graded stakes foals are more genetically disposed to proven progeny and, thus, are valuable.
Marketing Characteristics
The above results hold controlling for the birth place of the broodmare, the day on which it was sold, and whether the price was the reserve not attained value rather than the sale price. So far no evidence that the mare U.S.-born influences its price. However, consistent with previous studies, we find that each additional selling day had a statistically significant price discount with the largest discount occurring on day 10 (more than $ 51,000) 8 . This indicates that if buyers are willing to wait, they may receive considerable discounts. On the other hand, the reserve not attained value (e.g., the last competitive auction price bid) was statistically significant, as opposed to Neibergs' (2001) perspective, suggesting that the last competitive auction price bid does not accurately reflect the broodmare value (e.g., the seller chose an unrealistic reserve price).
Overall, despite the change in the broodmare market environment since the Great Recession, we find that most valuable broodmares are those resulting from a black type producing parent, who already produced black type winners and graded stakes winners themselves. These results are consistent with Neibergs (2001) and Maynard and Stoeppel (2007) who examined price determinants of broodmares in the pre-Great Recession time period. If the broodmares with a valuable pedigree and successful progeny are bred with a high quality stallion, then, according to Robbins and Kennedy (2001) and Parsons and Smith (2008) , the offspring will sell for a higher price as a yearling, and the winning genetics passed on will influence the yearlings' resale value and stud fee. 
CONCLUSIONS
The present study uses a hedonic pricing model and Keeneland data from 2013 to examine specific factors related to thoroughbred broodmare prices. In order to control for the quality of the sire bred to the broodmare, the covering sire's career earnings were included, compared to Neibergs (2001) and Maynard and Stoeppel (2007) who used the sire's stud fee. Although the latter captures the market's valuation of the stallion's genetics, the sire's career earnings captures actual performance, potentially better signaling the foals' future racing performance of the foals. Overall, the impact of the sire's career earnings on broodmare prices is smaller than the impact of the stud fee on broodmare prices. However, both impact broodmare prices by a far smaller amount than the pedigree and progeny performance variables (e.g., a 1 % increase in either the stud fee or the sire's career earnings increases broodmare prices by less than 1 %).
Although market conditions were different in 2013 compared to the period 1996-2005, on which the previous research focused, the present results are consistent with earlier ones. Thus, it is suggested that pedigree and the success of a broodmare's progeny are more important for determining its price than the racing performance. Specifically, the genetics variable had the greatest impact on price, followed by whether the broodmare herself was a graded stakes producer.
